Introduction: Knowing the number of deaths and their causes is relevant information for public health managers. However, the cause of death is often classified with codes that are not useful for mortality analysis, called garbage codes (GC). Objective: To describe and evaluate the impact of investigation of the underlying cause of poorly classified deaths on death certificates in 2017. Methods: Based on a standardized protocol, GC deaths from 60 municipalities were investigated, mainly in hospital records and autopsy services. Managers at the state level of the Mortality Information System also developed procedures to improve the classification of causes of death, with the consequent adherence of other municipalities (n = 4022). This made it possible to compare the results of GC research between these two groups of municipalities. Results: In the country, among the 108,826 GC investigated in 2017, 48% were reclassified to specific causes. In the 60 focus municipalities, 58% of the 35,366 investigated deaths from GC were reclassified. After the intervention, the proportion of deaths classified as GC decreased by 11% in the country and 17% in the municipalities. Discussion: The research in hospital records enabled almost half of the deaths from GC investigated to be reclassified. This is the first study to investigate GC in hospital records of more than 100,000 deaths. The 60 cities targeted by the intervention had better results than the other cities. Conclusion: The intervention proved to be an appropriate initiative to improve the quality of information on cause of death and should be encouraged.
INTRODUCTION
Health statistics are used for planning, monitoring and evaluation in health 1 . Significant human, physical and financial resources have been invested around the world in collecting data about population, health services, and health status, especially for levels of greater geographic disaggregation. Among these statistics, information on causes of death and demographic characteristics of deceased persons are important indicators of health and socioeconomic conditions. These statistics are also very sensitive metrics, enabling the identification of more vulnerable groups and evaluating results of social programs and policies. However, problems related to the quality of mortality information are still present, and many countries do not have reliable information on health 2 .
Cause-of-death statistics in Brazil are the responsibility of the Ministry of Health (MH). The Mortality Information System (MIS) was created by the MH in 1975 to regularly obtain data on mortality and cause of death 3 . The quality of the MIS can be assessed by its reliability in terms of coverage of death records and the classification of cause of death, representing the actual mortality patterns of the Brazilian population. Thus, in mortality analysis, the degree of coverage and the quality of information on cause of death should be observed in order to reduce the risk of having mortality estimates with problems of underreporting and/or incorrect record of cause of death 4 .
In recent decades, several interventions have been implemented to improve vital statistics information systems that had an impact on improving MIS coverage and cause-of-death notification quality 4, 5 . These interventions were carried out jointly by epidemiological surveillance teams at federal, state, and municipal levels. More recent analyses of the quality of the MIS indicate that the quality of mortality information in Brazil showed significant advances, capturing more deaths and improving the accuracy of information about the cause of death 6 . However, some notified causes of death require greater detail, such as unspecified cerebrovascular accident (if hemorrhagic or ischemic), pneumonia without specification of causal agent, and old problems not yet fully overcome, such as deaths without medical care, with unknown cause of death, or with ill-defined causes. These causes are called garbage causes or garbage codes (GC) for their potential impairment of analyses of the mortality profile of a population 6 .
In 2016, the Brazilian Ministry of Health joined the Data for Health Initiative, invited by Bloomberg Philanthropies 7 , which aimed to improve the lives of populations by improving the quality of information on mortality and the use of this information to formulate health policies. The MH's participation in the initiative expanded the scope of interventions that were being performed to improve the quality of information on causes of death. The problems of incomplete diagnosis of the underlying cause, which generate classification with unhelpful codes -the GC -, were prioritized and became the focus of specific interventions undertaken by the MH, by states and municipalities between late 2016 and March 2019.
The main objective of this study is to evaluate the impact of interventions of the Data for Health Initiative on improving the quality of cause-of-death notifications to the MIS in 2017, by analyzing the reduction of underlying causes of death with GC, through research in hospital records, reports of the Death Verification Services (SVO), and reports of the Forensic Medical Institute (IML).
METHODS
This study evaluates the impact of implementing an intervention project to improve the quality of cause-of-death information recorded in the MIS. This is an initiative that involved all administrative levels of the Unified Health System (SUS) and had participation and support of states and municipalities. The project targeted cities that had a high number of GC notified to the MIS for causes of deaths that occurred in 2017. With methodological support from the Universidade Federal de Minas Gerais (UFMG), a project to evaluate ongoing interventions was initiated, aiming to assess whether there was a change in the quality of information on causes of death.
The project was implemented in 3 stages. The first was to sensitize managers about the importance of the project. The second stage was a pilot study of GC investigation in 7 cities. Finally, in the third stage, the research proposal was expanded to 60 cities in the country. The project also allowed other municipalities to implement the investigation.
In the project's initial development in 2016, meetings were held for sensitization of state and municipal MIS managers as to the quality problems of cause-of-death records notified to the system, coordinated by the MH and the UFMG. In these meetings, there were intense discussions as to possible strategies to improve cause-of-death information through its recording by the physician that completes the death certificate (DC). One of the main results in this process was the decision to initiate the intervention in hospitals, which are responsible for recording the majority of deaths in the country. After a national meeting with the managers of 7 cities selected in the 5 regions of the country, a pilot project was immediately initiated for the reduction of GC deaths that occurred in hospitals 8 .
The intervention in the pilot project was developed by surveying hospital records, using the cause-of-death investigation protocol already in use in the routine work of the municipal death surveillance, with training of hospital physicians for correct completion of the medical certificate with underlying cause of death and the sequence of causes that led to death. This pilot study's results were presented at a national meeting in late 2016, with participation of the cities involved, states and their capitals, municipalities, Brazilian universities, the University of Melbourne (Australia) and the Vital Strategies organization. Positive aspects were observed, indicating that the intervention was important to improve the quality of information on cause of death.
With the goal of continuing the intervention, the pilot study indicated the need to: review the routine form used in the investigation of hospital deaths with ill-defined causes (IOCMD); prioritize research in hospitals with higher percentage of GCs; introduce evidence criteria for definition of cause after investigation; standardize the information collection module; and include information and key fields for definition of cause of death 9 . Based on the pilot study's results, there was a proposal to expand the intervention to 60 cities, which concentrated 35% of deaths nationwide, representing all 5 geographic regions and with different population sizes.
For the expanded intervention, a new protocol was prepared, which included a revised form for data collection for investigation of hospital deaths with a cause of death classified as GC (IOCMD-H form). In the protocol, we defined a list of codes established as priorities, because they represent 80% of the deaths with GC 9 in the country. In the selection of cases, we extracted deaths with GC in the original underlying cause from the MIS, by hospital unit. The teams responsible for the MIS and for the death surveillance of the municipalities revised the coding of the DC, using the white copy of the DC archived in the Municipal Health Department 3 , and supported the hospital units with collecting data in the medical records. Researchers from UFMG monitored the activities that were developed in the selected cities, clarifying doubts and answering questions in a continuous discussion process.
The form used in the standardized collection of information about the clinical case included results of exams and procedures to help elucidate the underlying cause of death, in addition to using levels of evidence to define the original cause. The investigation of deaths by GC was performed by health professionals of the death surveillance team of states and municipalities. The final evaluation of the investigated cause and the evidentiary support for changing the cause of death were conducted by a physician trained 9 in assessing the result of investigation of deaths by GC, confirming the new cause of death with the collected information or maintaining the original cause due to insufficient information.
Other sources of information about terminal disease, such as SVO, were also investigated in some municipalities. Deaths due to nonspecific external causes were investigated in the IML. In the case of home deaths and even hospital deaths in which previous research in health services did not allow identifying the cause of death, data collection should use the verbal autopsy questionnaire 10 . This form has been used routinely since 2009 in household interviews to investigate cases of ill-defined causes of chapter XVIII of the International Statistical Classification of Diseases and Health-Related Problems (ICD-10).
For data analysis, we considered the classification of GC at levels proposed in the 2016 Global Burden of Disease Study (GBD), according to the redistribution of these causes to the hierarchical levels of the GBD list of causes 11, 12 . In this classification, level 1 GCs -the ill-defined causes of chapter XVIII of ICD-10 and septicemia, for exampleare those of worst quality, resulting in an underlying cause that could be inserted into any of the 3 broad cause groups of the GBD study: infectious diseases, chronic diseases, or accidents and violence. Level 2 GCs, such as essential hypertension, although less severe than those of level 1, are also codes of poor quality, as they affect knowledge about the main causes of death. Level 3 codes, such as malignant neoplasms without specification of site, and level 4 GCs, such as unspecified cerebrovascular accident (if hemorrhagic or ischemic), have a lower impact on the mortality profile, as they allow inferring that the underlying cause is related to a single group of causes or even to a single disease or injury, requiring only qualification.
This study was approved by the Research Ethics Committee of UFMG (CAEE 75555317.0.0000.5149) and developed according to the ethical precepts established in Ordinance No. 466/2012 of the National Health Council.
RESULTS
In 2017, 348,155 deaths occurred in the 60 selected cities, ranging from 107 deaths per year in Augustinópolis (TO) to 76,000 in São Paulo (SP), and 35% of these deaths had a GC as the underlying cause of death. In the other cities of the country, 964,509 deaths occurred, and 37% of the causes of death were classified as GC. In the 60 focus cities, 35,366 deaths by GC (30%) were surveyed with an additional 73,460 (21%) investigated in the other cities in the country. Overall, 108,826 cases were surveyed in hospital records, corresponding to 23% of the GCs in the country. Of these, 70% were level 1 or level 2 GCs, providing poor quality of information. It was expected that at least 20% of the total GCs in the 60 cities would be investigated, according to result of the pilot study 8 All 60 cities targeted by the intervention had positive results, with a change in the original proportion of GCs after the investigation (Chart 1). However, the level of effort in researching hospital records varied by city. Of the 60 municipalities, 40 investigated less than 1,000 deaths per city a year. The cities that researched more than 2,000 deaths were Rio de Janeiro, Belo Horizonte, and Salvador, in descending order, due to the higher number of deaths due to GC and the conditions of organization and structure of the teams, which favored the conduct of the investigations.
Several cities had a great impact on improving the quality of cause-of-death information, reducing GCs by more than 40%. In the 60 cities, 57% (n = 20,457) of the deaths by GC were reclassified to a well-defined cause of death, and in the other cities this percentage was 43% (n = 32,122). For the GCs considered the worst quality (level 1), 50% were reclassified to a well-defined cause in the 60 municipalities, while in the other cities this percentage was 44% (Table 1 ).
In general, of the total GCs in 2017, it was possible to reclassify 11% as a well-defined cause after the intervention ( Table 2 ). If we consider level 1 and level 2 GCs, we have a 15% impact on the improvement of data. Whereas for the 60 cities, the impact was greater: 17% of the total GCs had the cause of death changed, and for level 1 and level 2 GCs the reduction was 21%. In the other cities, GCs were reduced by 9% in the definition of cause of death and 13% for level 1 and level 2 GCs (Table 2 ). Figure 1 shows the proportion of deaths by GC before and after investigation in the municipalities. It is observed that the impact differed between the municipalities, but there was clear improvement in the quality of cause-of-death information in the 60 municipalities. This can be observed in Chart 2, which presents a reduction in GCs in most municipalities of the country. There were municipalities with more than 60% of causes of death by GC that presented a reduction in this index after the intervention. States such as Tocantins, Goiás, Minas Gerais, São Paulo, and Ceará should be noted, with significant improvement in data quality. Northern Minas Gerais still shows problems in quality, as well as part of the state of Bahia; but there were advances. 
DISCUSSION
The investigation of deaths by GC in 60 municipalities allowed reclassifying 58% of these deaths. This result is even more significant if only the results for levels 1 and 2 GCs are considered, which are of worst quality. The intervention proposal achieved the involvement of all states, which encouraged municipalities to participate, showing extra effort in the routine work they conducted. The role of surveilling deaths by GC was mostly assumed by the responsible managers and teams that routinely work in the investigation of maternal deaths, infant deaths, fetal deaths, and deaths with ill-defined causes, and in the proposition of prevention and control measures 13 . This feature contributed to advancing measures aimed at improving the MIS 10 . In addition, there was voluntary participation of other non-selected cities, particularly the other capitals that were not part of the sample defined by the project. Thus, municipalities that were not directly targeted by the intervention also achieved good results, indicating engagement with the proposal to improve the quality of cause-of-death information. It should be considered, therefore, that the initiative proved successful in its main purpose.
A fundamental stage for the project was the process of constructing and validating the investigation protocol, which resulted from discussions and consensus on problems in the information generated in the medical certificate of cause of death in the hospital setting. As for this aspect, the MH's proposal to adopt a standardized methodology to clarify the cause of death was strategic to enable states and municipalities to carry out and monitor the investigation process.
This project was based on previous experience of investigation of deaths by ill-defined causes, which had positive results 8, 10 . The research proposal was expanded to other causes considered garbage, which are ill-defined or unspecific codes that preclude the definition of priority strategies aimed at prevention. The term garbage code was created in 1996 by Murray and Lopez 14 , as part of the GBD study, to designate these causes of death that are not useful for public health analysis. Subsequently expanded by Naghavi et al. 15 , the list of GCs refers to the causes and corresponding ICD codes that cannot be the underlying cause of death, such as senility or low back pain, or intermediate causes, such as sepsis and heart failure, or causes which have no detailing in the coding, such as unspecified cancer or unspecified cardiovascular disease.
The existence of causes of death classified with GC in mortality systems is frequent 2, 5, 11, 15 . When the proportion of GCs is high, corrections should be applied. For example, in the United States, a study of the trend of mortality by causes in the counties showed that between 1980 and 2014 the country had 25% of deaths by GC, which were corrected by the GBD methodology, adjusting the trend of some causes of death 16 . In South Korea, 25% of the causes of death were classified with a GC between 2010 and 2012. The redistribution of these codes resulted in a change in the main causes of death in the country, with a large increase in the tracing of ischemic heart disease, which became the leading cause of death. It is worth noting that, before the redistribution, lung cancer was considered the leading cause 17 .
Several studies have sought to correct cause-of-death information by statistical methods, by using multiple causes or linkage between hospital data and mortality information systems [18] [19] [20] [21] , in order to obtain a mortality profile that better reflects the reality of the population. This research project is included in this effort, as it generated empirical data for the correction of GCs and can serve as a guideline for the corrections that have been applied on cause-of-death data in Brazil, considering the reality of hospitals and based on the level of information in hospital records. Therefore, this may be considered an unprecedented and innovative study, since more than 100,000 hospital records were researched, providing the reclassification of half of the GCs.
It was observed that physicians have little knowledge about how to correctly complete the sequence of causes of death in the death certificate and, moreover, in relation to the concept of underlying cause of death. Therefore, improving the quality of causeof-death information in medical certificates of cause of death requires investing in efficient communication with physicians, with dissemination of knowledge, instructions and examples as to the completion of death certificates, in addition to other interactive forms 22 . It also requires better training of medical students and resident physicians for correct completion of death certificates. Considering this context, it is highlighted that the GC investigation process is subject to issues related to the structure of the service (human and material resources) and of processes (flows and adequacy as to technical
